Twonovel triterpene sulfates have been isolated from Fusarium compactumby bioactivitydirected fractionation using an assay which measures the inhibition ofproteolytic activity ofrhinovirus 3C protease on a fluorogenic peptide substrate. The compounds were purified by countercurrent and reverse phase chromatographies. NMR,MS, UVand IR studies revealed two triterpene sulfates, uncommon metabolites of terrestrial fungi.
In the course of screening microorganisms for the production of bioactive metabolites, a Fusarium compactum sp., isolated from an ant hill soil sample collected near the village of Rantan, Nigeria, was found to produce rhinovirus 3C protease inhibition activity. The 3C protease, one of two virally encoded proteases, is responsible for cleaving the initially translated rhinoviral polyprotein at eight locations to form the mature structural proteins and viral replicative enzymes. 1} There are more than 100 known serotypes of human rhinovirus,2) and they are thought to be responsible for 40~60% of the common colds. 3) In principle, compoundswhich inhibit the proteolytic action of the 3C protease would disrupt replication of the rhinovirus, and could lead to an effective drug treatment for the common cold.
Using an assay which measures the inhibition of 3C
protease activity on a synthetic fluorogenic substrate, bioactivity-directed fractionation of a stationary fermentation extract of Fusarium compactum (AB 21941-103) provided two triterpene sulfates. Triterpene sulfates had not been reported as bioactive metabolites from terrestrial fungi until Vesonder and Burmeister isolated them from several Fusarium species in a search for potentially phytotoxic secondary metabolites.4'5) It was found that these metabolites are produced in relative abundancewhenterrestrial Fusarium species are grown on grain substrates.5) In our study, Shredded Wheat was used as a solid support for the growth of the fungus.
The major bioactive compound isolated in this study, A-108835 [4,4,24-trimethylcholesta-z18,9; 14,15; 24,28- trien-2a,3^, l l£, 12a-tetrol-12-acetate, 3-sulfate] (1), is di-541 astereomeric with 4,4,24-trimethylcholesta-8, 14,24(28)-trien-2a,3jS,l la,12^-tetrol-12-acetate, 3-sulfate, a compound isolated as the sodium salt from Fusarium graminearum grown on white corn grits.4) They differ only by the stereochemistry at the C-ll and C-12 positions. The structure of A-108835 was confirmed by NMR,MS, UVand IR studies. The minor compound, A-108836 [4,4,24-trimethylcholesta-zl7?8; 9,1 1; 24, 28- At harvest, 300ml of acetone was poured onto the fungal growth in each carboy. After six hours, 375 ml of ethyl acetate-toluene (1 : 1) was added to each vessel. The carboys were held at 4°C overnight. Solvent was drawn off and the marc in each carboy was soaked and extracted three times with an additional 1 liter ofacetone. All extracts were combined and concentrated on a circulating flash evaporator until 1 liter of an essentially aqueous residue remained. This was then extracted with four 1/2 volumes ofethyl acetate. Based on bioassay, the first three ethyl acetate extracts were combined and concentrated under vacuum and the oily residue was subjected to preparative droplet countercurrent chromatography in the solvent system H2O-MeOH-CHC13-
CC12=CHC1
(2:5:3:2), with the lower phase stationary. The active fractions; ll -50 (10ml fractions), were combined, concentrated to a residue (2.36g) and subjected to C1 8 flash chromatography (Bondesil 40 /mi, Analytichem International, 100 g of packing). The active components were eluted in the 80-100%methanol/ water fractions, which were concentrated under vacuum to yield 1 g of material. One half of this material was chromatographed on a 2.5 x 31cm Lichroprep RP-8 4,4,24-trimethylcholesta-zl8,9; 14,15; 24,28-trien2<x,3 /U l/U2a-tetrol 12 acetate, 3-sulfate] (1). The minor bioactive compound, A-108836 (7 mg), was identified as [4,4,24-trimethylcholesta-zl7,8; 9,l l; 24, 28-trien- methyl groups and one vinylic methylene ( Table 2 ). The degree of hydrogen deficiency, when considered with the carbon hybridizations implied from CMRdata, and the Relative stereochemistry based on ROESY experiments.
presence ofa sulfate group, require a tetracyclic structure.
Three carbon-carbon double bonds are indicated by the six olefinic sp2 carbons in the 13C NMR,and two of these must be part of a heteroannular diene. Seven aliphatic methyl groups, including four methyl singlets, are seen in the XHNMR (Table 3) . From this information one must conclude that A-108835 is a triterpene or steriod type molecule. The 13C NMR HMQC/HMBC data for A-108835 show that the terminal vinyl group (z!24, 28) is on the side chain next to the isopropyl methine (C-25, 34.9 ppm) that ends the chain (Fig. 3) . methylenes (C-6, C-7). The C-10 (38.9 ppm) quaternary carbon that bears the 19-CH3 is tied into both the H-5/CH2-7 and the CH2-l/H-3 proton coupling systems. The same is true for the lanosterol-like C-4 (40.9ppm) dimethyl quaternary carbon. This information defines a classical tetracyclic triterpene skeleton. A 13C NMR MeOH/MeOD solvent shift experiment showed that only two hydroxyl groups were present on A-10885; at the C-2 and C-l l positions. The presence of a sulfate group on C-3 is indicated by the 91.9ppm C-3 chemical shift, molecular formula consideration and the IR data. A-108836 also contains a C-2 hydroxy and C-3 sulfate group on the A ring, but has significant changes with regard to the heteroannular diene system arrangement in the B, C and D rings. The 13C NMRHMQC/HMBC and XH COSY/TOCSYdata for A-108836 show that the diene has changed to the 7,8;9, ll positions of rings B and C instead of the 8,9; 14, 15 positions of the C and D rings (Fig. 3) . A-108836 is missing the hydroxyl at C-ll and has a methoxy group at C-12 instead of an O-acetyl.
A-108835, [4,4,24-trimethylcholesta-zl8,9; 14,1 5; 24,28- trien-2a,3^,l l^,12a-tetrol-12-acetate, 3-sulfate] (1), is diastereomeric with the reported structure of [4,4,24-trimethylcholesta-8, 14 ,24(28)-trien-2a,3j8, l la, 12jg-tetrol- 12-acetate, 3-sulfate] (sodium salt). 1* They differ only by the stereochemistry at the C-ll and C-12 positions. In a ROESYexperiment, both A-108835 and A-108836 show a 1-3-5 triaxial set of NOEcross peaks between the 2-H, 19-CH3 and 29-CH3 protons. The 3-H proton shows 1-3 diaxial cross peaks to"la-H and 5-H, and 3-H and 5-H show cross peaks to the 30-CH3. These data indicate that in A-108835 and A-108836 the 2-OH is in the a position, and the 3-OSO3H is in the /? position (Fig. 4) . For both compounds, a cross peak is seen between the 12-H and 18-CH3 protons, and the 12-H and 21-CH3 protons. In A-108836, a 1-3 diaxial cross peak is seen between 14-H and 17-H protons. These data indicate a placement of the 12-substituent (OCOCH3and Table 2 and are supportive of the structural assignments.
Bioactivity [4, 4, 14, 3j8, lla, has been shown to be a phytotoxic compoundwhich will inhibit seed germination of wheat and tomato, and to have some activity against fungi.4) Our studies tested A-108835 against several fungal pathogens such as Candid albicans, Torulopsis glabrata, Cryptococcus albidus and Aspergillus niger, and found no activity at 100 jUg/ml. The fluorogenic substrate Asp-Glu(EDANS)-Met-SerAla-Ile-Phe-Gln-Gly-Pro-Ile-Ser-Lys(DABCYL)-Asp was synthesized using a solid phase synthetic procedure11} and an automated peptide synthesizer (Model 430A, Applied Biosystems, Inc.)-The substrate was purified by reverse-phase HPLCwith a C18 column and a gradient of acetonitrile in water with 0.1% TFA.
Assay
The rhinovirus 3Cprotease inhibition assay was conducted with f-Met 3C protease from human rhinovirus strain 1B which had been cloned and expressed in E. coli and purified. The assay was performed in a 96-well format using white Micro-fluor "U" shaped plates ( spectrophotometer, and IR spectra on a Nicolet 5SXC FT-IR instrument.
